24 Self-controlled practice schedules have been shown to enhance motor learning in several 25 contexts, but their effectiveness in structural learning tasks, where the goal is to eventually learn 26 an underlying structure or rule, is not well known. Here we examined the use of self-controlled 27 practice in a novel control interface requiring structural learning. In addition, we examined the 28 effect of 'nudging' -i.e., whether altering task difficulty could influence self-selected strategies, 29 and hence facilitate learning. Participants wore four inertial measurement units (IMUs) on their 30 upper body and the goal was to use motions of the upper body to move a screen cursor to 31 different targets presented on the screen. The structure in this task that had to be learned was 32 based on the fact that the signals from the IMUs were linearly mapped to the x-and y-position 33 of the cursor. Participants (N = 62) were split into 3 groups (random, self-selected, nudge) based 34 on whether they had control over the sequence in which they could practice the targets. To test 35 whether participants learned the underlying structure, participants were tested both on the trained 36 targets, as well as novel targets that were not practiced during training. Results showed that 37 during training, the self-selected group showed shorter movement times relative to the random 38 group, and both self-selected and nudge groups adopted a strategy of tending to repeat targets. 39 However, in the test phase, we found no significant differences in task performance between 40 groups, indicating that structural learning was not reliably affected by the type of practice. In 41 addition, nudging participants by adjusting task difficulty did not show any significant benefits to 42 overall learning. These results suggest that although self-controlled practice influenced practice 43 structure and facilitated learning, it did not provide any additional benefits relative to practicing 44 on a random schedule in this task. 45 3 46 47 Keywords: motor learning, body-machine interface, redundancy, coordination, practice 48 schedule, contextual interference 49 INTRODUCTION
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Participants were asked to move their upper body in order to move a cursor and reach a target 142 presented on the computer screen as fast as possible, and as close to the center of the target as 143 possible. The circular target (radius 2.2 cm) was placed at a radial distance of 11.5 cm from the 144 screen center. The cursor had to be inside the target for 500 ms in order for the trial to be 145 completed. The next target could be selected only after the previous target was reached.
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The experiment consisted of a virtual center-out reaching task divided into 11 blocks: pre-test, 159 Random (20 participants), 2) Self-selected (21 participants), 3) Nudge (21 participants). All 160 groups completed the same pre-, mid-, and post-test blocks; however, the type of training given 161 during the training blocks differed across the three groups (Fig 1) . 162 9 163 The Random group had the four practice targets presented in a randomized manner during each 164 training block trial i.e. participants had no control over which target to practice on each trial.
165 There was also a constraint that all 4 targets had to be performed at least once before a target 166 could repeat. In the Self-selected group, participants were allowed to choose which of the four 167 training targets they wanted to move their cursor to in each trial. At the start of each trial, 168 participants were shown all 4 targets simultaneously on the screen and participants subsequently 169 decided which target they wanted to move to for that trial. In the Nudge group, participants also 170 had the choice of which target they wanted to practice moving to (similar to the Self-selected 171 group); however, the size of the targets presented on the screen differed to make the perceived 172 difficulty of all targets relatively equal (i.e. difficult targets were made larger in size, and easier 173 targets smaller in size). Based on a participant's performance in the pre-test, we computed their 174 mean normalized Euclidean error for each of the 4 cardinal targets at 1 second into the 175 movement. Then, for training blocks 1 to 4, the target for which the error was biggest was made 176 to appear bigger than usual (25% increase in radius), and the target for which the error was 177 smallest was made to appear smaller than usual (25% decrease in radius). The remaining two 178 targets stayed at the usual size. For training blocks 5 to 8, the same procedure was repeated based 179 on the Euclidean errors from the mid-test. 278 When we examined the structuring of practice (in terms of whether they chose a more 'blocked' 279 or 'random' schedule), we found that overall both self-controlled groups showed more 280 repetitions than the random group (which had 0% by definition). There was a main effect of 281 block (F(1,37) = 7.212, P = .011) indicating that participants tended to block practice more 295 The goal of the study was to address the role of self-controlled practice in a structural learning 296 task. Participants learned to control a novel interface which required motion of the upper body to 297 move a screen cursor to different targets. Participants trained on a set of targets, and we 298 examined structural learning during test phases that involved generalization to novel targets. We 299 examined if (i) a self-selected practice schedule resulted in better learning compared to a random 300 practice schedule where participants did not have control, and (ii) if nudging by adjusting task 301 difficulty influenced learning relative to a self-selected strategy without nudging.
302
303 For the first question, our results showed that although the self-controlled group exhibited shorter 304 movement times early during training, there were no statistically significant differences between 305 the random and self-controlled group during the test conditions (which was our measure of 306 structural learning). This was true both for the training and test targets, indicating that the groups 307 did not differ either in retention or generalization. One trivial possibility for these non-significant 308 results is simply that any potential differences between groups was eliminated by a 'floor effect' 309 in terms of the performance -i.e. movement times had reduced to a minimum possible limit by 310 the end of training. However, we consider this unlikely as an explanation since the mid-tests 311 (which were done in the middle of the training session) also showed the same patterns as the 312 post-test.
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314 These results are somewhat inconsistent with a majority of experiments on self-controlled 315 practice that have demonstrated beneficial learning effects (13,31). A critical difference from 316 these prior studies is that the current study focused on structural learning -i.e., practicing 317 variations so that the focus was not simply on improving performance in the trained tasks, but 318 also on learning the underlying structure in order to generalize to other targets. In contrast, prior 319 studies on practice sequencing with self-controlled practice have typically employed different 320 task variations, with no underlying rule or structure connecting these task variations (22,23). In 321 the context of structural learning, self-controlled practice may create a potential tradeoff -322 participants may tend to focus excessively on improving performance on the training targets (as
